In a prospective study, 12 intensive care patients, after abdominal surgery, received three alternate six-day courses of two enteral diets with identical nitrogen (0-3 g N/kg per day) and energy (60 kcal/kg per day) supply. The protein hydrolysate (PH) diet contained enzyme-hydrolysed casein and lactoserum (60% small peptides), while the non-degraded protein (NDP) diet contained a nitrogen source of similar amino acid composition, but in the form of non-degraded proteins. The patients were randomised to receive either PH-NDP-PH or NDP-PH-NDP. Parameters reflecting protein metabolism were assessed in the plasma, urine, and stomal effluent on days 1, 6, 12, and 18, three hours after stopping the nutrition (tO), and one hour after restarting it (ti).
aemia at tl was significantly higher than at tO and correlated with plasma leucine, phenylalanine, alanine, and lysine concentrations. In addition, significant improvements in plasma albumin, transferrin, and retinol binding protein concentrations were seen with protein hydrolysate, together with a significant decrease in the plasma phenylalanine/tyrosine ratio and urinary 3-methylhistidine excretion. We conclude that in patients in intensive care after abdominal surgery enteral support containing small peptides is more effective than an equivalent diet containing whole proteins in restoring plasma amino acid and protein levels. evidence that transport of short chain peptides is more efficient than that of free amino acids into enterocytes.9"'4 Furthermore, it has been shown'5 16 that the efficiency of proteolysate absorption is highly dependent on the relative amounts of dipeptides and tripeptides.
The results of clinical studies comparing proteolysates with whole protein based diets have been far from convincing; in effect, either a limited number of parameters were studied'7 18 or the number of patients was small.920
In the present work we compared the absorption of nitrogen supplied either in the form of a partial protein hydrolysate or the corresponding native proteins. The study was carried out in intensive care patients who had had abdominal surgery and were receiving continuous enteral nutrition.
Patients and methods
PATIENTS
The study was carried out in 12 intensive care patients (nine men, three women) who had undergone abdominal 'surgery in our institution.
They had been referred to us from other centres after having had at least one laparotomy. The patients were aged 50 (19) years (mean (SD)) ( Table I) .
No renal failure, hepatic failure, or obesity was noted. The length of the small intestine after surgery was at least 1-5 m and all patients except case 2 had one or more stoma. Immediately after surgery the patients received total parenteral nutrition for hours. They were then given continuous enteral nutrition with a standard diet containing whole proteins; calorie intake was progressively increased to 60 kcal/kg per day over one week.2 The study was carried out 23 (13) days (mean (SD)) after surgery.
It is now recognised that enteral nutrition is an effective means of providing nutritional support in postoperative patients. ' (Fig 1) The 18 day study was divided into three periods of six days. The patients were randomised to receive either protein hydrolysate or nondegraded protein during the first six days, starting on day 0 (DO). The diet was then reversed on day 6 (D6) and changed again on D12 (with a return to the first administered diet). There were thus two possible diet sequences, PH-NDP-PH (group A) or NDP-PH-NDP (group B).
As the patients each received protein hydrolysate and non-degraded protein alternately, each was his or her own control.
Samples were taken on DO immediately before the study, and then on D1, D6, D12, and D18, three hours after stopping nutrition (tO), and one hour after nutrition was restarted (tl). The diet was changed after the tI sample had been taken (except on D1).
For each patient, urinary and chyme+faeces nitrogen excretion, and nitrogen balance (AN) were calculated as the mean of the last three days of each six day period.
The procedures followed were in accord with the Helsinki Declaration of 1975. increased significantly, however; plasma valine increased in both groups (data not shown), but plasma leucine only in group A (Fig 2) .
Dynamic study ofplasma and luminal amino acids: tl v tO tI and tO values of the 20 amino acids studied were compared independently of the day of measurement since the (t1-tO) differences on different days were similar. As an example, the (t1 -tO) differences for plasma leucine were as follows (mean (SD)): Protein hydrolysate diet: D1=+23 (12), D6=+22 (35) , D12=+15 (26), D18=+22 (23) [tmol/l. Non-degraded protein diet: Dl=+12 (26), D6=+16 (25) , D12=+12 (34) , D18=-4 (28) LmoIl/l. A significant increase occurred in plasma concentrations of 13 amino acids (including all the essential amino acids) with the protein hydrolysate diet compared with an increase in only two with the non-degraded protein diet. Results concerning the essential amino acids are given in Table III ; results for the 12 remaining amino acids are given in Table IV. In the lumen large variations were observed in tO values (after a three hour fast) for nitrogen, total protein, and amino acid concentrations. tO values, however, did not show significant differences in terms of the diet which preceded the measurements. After sampling, nutrition was restarted at a rate of 144 (19) ml/24 hours giving 5-2 (0 7) g nitrogen/l (mean (SD), n= 32) for both diets. The (tI-tO) variations in nitrogen, total proteins, and amino acids could thus be studied:
Luminal concentrations of nitrogen were Insulin secretion and correlation with amino acid concentrations The administration of protein hydrolysate led to a significant increase in plasma insulin at tl v tO, whereas this was not the case with non-degraded protein (Table V) .
tl values of leucine, phenylalanine, and alanine correlated with tl values of insulin only with protein hydrolysate (p<OOl, p<O05, p<005, respectively). The results for leucine are shown in Figure 4 . In addition, (ti-tO) differences in plasma lysine and insulin concentrations correlated only when the patients received protein hydrolysate (p<0O025).
Nitrogen excretion and balance Urinary nitrogen excretion was slightly higher in group B (NDP-PH-NDP) during each period. Inversely, nitrogen losses in faeces and stoma were lower in this group, resulting in no significant difference in nitrogen balance between the two groups (Table VI) .
Nutritional markers (Table VII) Concentrations of albumin, transferrin, transthyretin, and retinol binding protein rose in both groups during the study, but in group A (PH-NDP-PH) there was a significant increase at D18 v DI in three of the proteins, whereas only transthyretin increased significantly in group B atD6.
The plasma phenylalanine/tyrosine ratio decreased significantly in group A but did not change in group B. A significant decrease in the urinary 3-methylhistidine/creatinine ratio occurred between D1 and D6 with protein hydrolysate. No significant difference was observed between DI and D18 in either group.
Discussion
At the beginning of the study the patients' clinical conditions (intestinal transit, haemodynamic state) had stabilised and the two treatment groups were comparable in clinical and biological terms.
The longitudinal study of plasma amino acids essentially showed an increase in branched chain amino acids (particularly leucine) in group A (PH-NDP-PH). The dynamic study confirmed and extended these results, since the concentrations of 13 of the 20 plasma amino acids studied (including the eight essential amino acids) rose after one hour of protein hydrolysate infusion against only two with non-degraded protein.
We chose to measure plasma amino acids one hour after nutrition restart since studies performed in humans have shown that this time corresponds to the absorption peak of most amino acids before their tissue uptake,2324 although these studies concerned diets administered by bolus, not by continuous enteral nutrition. In addition, the absorption process may be delayed or have a flatter profile in digestive surgical patients.20 Finally, it cannot be excluded that the absorption peak with non-degraded protein was only shifted in time compared to protein hydrolysate.
TI values were compared with tO values independently of the day of study because (tItO) differences were comparable regardless of the day of study.
The large degree of interindividual variations might be related to the existence and extent of intestinal resection and, above all, to metabolic differences in the small bowel and the liver. In 32 33 With regard to insulin secretion, an increase was observed in plasma concentrations at tI only with protein hydrolysate. This result should be considered in the light of the findings that insulin reduces protein breakdown34 35 and enhances muscle and tissue uptake of branched chain amino acids,23 particularly leucine. 35 The position in time of the insulin peak is subject to variations according to species and bioclinical state, as well as the form and quantity of nutrients. In general it occurs at around 30 minutes in animals27 36 37 and 60 minutes in humans.23 38 39 In our study the patients received the same quantity of nutrients, including nitrogen, but, as the form of nitrogen was different (oligopeptides v whole proteins), the insulin peak may have been shifted in time in those patients receiving non-degraded protein. This point requires further study. After the infusion of protein hydrolysate, a correlation was found between insulin concentrations and the peripheral increases in four amino acids. This correlation was especially clear for leucine, an amino acid that strongly stimulates insulin secretion.'" Our results concerning the parameters of protein metabolism might be explained by the finding that amino acids are physiological stimuli of insulin secretion4' and by the known nitrogen sparing effect of this hormone. In effect, the anticatabolic action of the protein hydrolysate diet could be reflected42 by the significant decrease observed in the 3-methylhistidine/ creatinine ratio between DI and D6 and in the phenylalanine/tyrosine ratio between D1 and D18, these ratios remaining unmodified during the corresponding periods with the nondegraded protein diet.
The study of intraluminal nitrogen, total protein, and amino acids showed large variations with time. This may be related partly to the large amount of endogenous protein present in the lumen (about one third oftotal luminal protein in healthy subjects),7 and to possible individual differences in secretory activity in these patients who had undergone abdominal surgery. This would minimise differences in the results between protein hydrolysate and non-degraded protein. In effect, the trend in luminal total protein concentrations was towards an increase at tl with non-degraded protein and a reduction with protein hydrolysate, although the difference was not significant. Such results are logical, given that non-degraded protein contains whole proteins, whereas only 7 per 100 peptides in protein hydrolysate have a molecular weight above 1000. The fact that each patient was his or her own control, however, allowed certain differences in luminal parameters between protein hydrolysate and non-degraded protein to be identified. Non-degraded protein led to a (tItO) rise in the luminal concentration of nitrogen, whereas protein hydrolysate did not. Moreover, the luminal concentrations of free amino acids at tl were higher with non-degraded protein than with protein hydrolysate, although the latter contains 30 free amino acids per 70 peptides. These results could be due to a more rapid absorption of nitrogen with the protein hydrolysate diet and might explain the simultaneous peripheral increase in amino acids.
The study of nitrogen balance showed no significant difference between the two dietary groups. The administration of protein hydrolysate tended to reduce urinary nitrogen losses, whereas non-degraded protein improved nitrogen retention in the small bowel. The high infusion rate (144 ml/h) could 
